In bacterial infections, mononuclear and polymorphonuclear phagocytes are key components of host defenses. Recent 
particular, interleukin-8 (IL-8) attracts polymorphonuclear leukocytes (PMNs), while monocyte chemoattractant protein-i (MCP-1) is selective for cells of the monocyte/macrophage lineage. In this investigation, we analyzed the in situ expression of IL-8 and MCP-1 mRNAs in human periodontal infections. Specific mRNA was detected by in situ hybridization using 35S-labeled riboprobes in frozen tissue sections. Phagocytes (PMNs and macrophages) were specifically detected as elastase-positive or CD68+ cells by a three-stage immunoperoxidase technique. Results indicated that expression of phagocyte-specific cytokines was confined to selected tissue locations and, in general, paralleled phagocyte infiltration. In particular, IL-8 expression was maximal in the junctional epithelium adjacent to the infecting microorganisms; PMN infiltration was more prominent in the same area. MCP-1 was expressed in the chronic inflammatory infiltrate and along the basal layer of the oral epithelium. Cells of the monocyte/macrophage lineage were demonstrated to be present in the same areas. The observed expression pattern may be the most economic way to establish a cell-type-selective chemotactic gradient within the tissue that is able to effectively direct polymorphonuclear phagocyte migration toward the infecting microorganisms and modulate mononuclear phagocyte infiltration in the surrounding tissues. This process may optimize host defenses and contribute -to containing leukocyte infiltration to the infected and inflamed area, thus limiting tissue damage.
Superficial periodontal tissues are constantly exposed to a mixed anaerobic gram-negative flora which can elicit inflammation and thus tissue destruction (39, 42) . Maintenance of tissue integrity is thus dependent upon the establishment and the maintenance over time of a local host-parasite equilibrium (9) . Accumulating evidence, however, suggests that the host inflammatory response plays a relevant role in tissue destruction (3, 49, 50) . In this respect, particular emphasis has been devoted both to the analysis of the cytokine network which determines the local immune homeostasis (2, 28) and to the description of the gingival inflammatory infiltrate in diseased conditions (31, 37) .
Several lines of evidence indicate that phagocytes play a pivotal role in the maintenance of a host-parasite homeostasis in opportunistic infections such as periodontitis. In fact, (i) phagocytes are present in superficial periodontal tissue and migrate into the gingival sulcus; (ii) phagocyte dysfunctions have been associated with severe, early onset forms of periodontal infections; and (iii) successful periodontal pathogens possess a variety of virulence factors that can impair phagocytic function.
Phagocyte recruitment into inflamed sites depends on a coordinated series of events ranging from the site-specific activation of capillary loops, and transendothelial migration, to directed cell locomotion towards the infecting microorganisms.
Besides the classical host-and bacterium-derived chemotaxins, a new family of chemotactic cytokines, named chemokines, has been recently proposed to selectively induce phagocyte migra-* Corresponding author. Mailing address: School of Dental Medicine, University of Bern, Freiburgstrasse 7, 3010 Bern, Switzerland.
Phone: 41-31- tion and activation. These low-molecular-weight heparin-binding proteins are considered to play a key regulatory function in inflammation through their selective action on different leukocyte populations (for a review, see references 26 and 27). On the basis of the chromosomal localization and the structural motif of the first two cysteine residues, chemokines have been subdivided into two subgroups. Interleukin-8 (IL-8) and other related peptides of the a subgroup are powerful mediators, mainly for neutrophil recruitment and, to a certain extent, for T-cell and basophil chemotaxis. The ,B subgroup comprises chemokines which generally display chemotactic activity for mononuclear cells. Within this group, monocyte chemoattractant protein-1 (MCP-1), a potent mediator of both monocyte recruitment and activation, differs from most other chemokines in its high degree of cell type specificity.
IL-8 and MCP-1 can be synthesized by a wide variety of cell types, including leukocytes, fibroblasts, keratinocytes, and endothelial cells, in response to both endogenous and exogenous stimuli (27) . In particular, they are upregulated by proinflammatory cytokines such as IL-1 and tumor necrosis factor a (TNF-a) (19, 23) , and by bacteria and bacterial lipopolysaccharides (1, 40) .
Using RNA PCR, we have previously shown that IL-8 mRNA is detectable in human gingiva (45) . This finding is consistent with the presence of the IL-8 protein in the gingival fluid exudate (30) . These data, however, do not establish the topographic source(s) of this cytokine. MCP-1 has also been recently identified in the inflammatory infiltrate from human gingival tissue by immunohistochemistry and in situ hybridization (51) . Furthermore, monocyte chemotactic activity in gingival fluid from diseased sites could partially be inhibited by an anti-JE/MCP-1 antiserum (13) . These preliminary observations seem to indicate that chemokines may be important in 4006 TONEI7I ET AL. determining the selective pattern of phagocyte migration in human gingiva.
In fact, consistent with the polarized nature of bacterial plaque aggression, gingival inflammatory cells have long been known to be selectively distributed (29) . In particular, higher cell densities have been detected in the sulcular aspect, just below the area exposed to subgingival bacterial plaque aggression, in close relationship with activated capillary loops (6, 25, 43) . For defense against invading subgingival plaque bacteria, phagocytes have to migrate through the junctional epithelium (JE) to gain access to the mucosal surface. In this context, Schroeder observed in 1973 that polymorphonuclear leukocytes (PMNs) are present both in the infiltrated connective tissue and within the JE and that the density of PMNs within the epithelium increases towards the more superficial layers in close relationship with the subgingival plaque bacteria (35) . We have recently demonstrated that selective topographical compartments of the gingiva present phenotypically distinct leukocyte subpopulations (44) .
In this investigation, we report, by in situ hybridization, the presence and the source of local IL-8 and MCP-1 mRNApositive (mRNA+) cells in human periodontal infections. The data showed that the IL-8 message was restricted to junctional and sulcular epithelia, the area most exposed to infecting microorganisms. Conversely, MCP-1 mRNA+ cells were detected both within the infiltrated connective tissue and along the basal layer of the oral epithelium. This selective distribution seems to be consistent with the topographic localization of PMNs and macrophages. Cells expressing IL-8 and MCP-1 mRNAs were locally confined at all clinical stages of the disease; the potential importance of these findings for effective host protection against infection and for the pathogenesis of periodontal diseases is discussed. Endogenous peroxidase activity was quenched by exposure for 30 min to 0.3% H202 in methanol. Sections were then incubated for 45 min with preformed biotin-avidin-horseradish peroxidase macromolecular complexes (Vectastain ABC kit). A black color was developed by exposure for 6 to 8 min to 0.5 mg of the chromogen 3'-3'-diamino-benzidine tetrahydrochloride per ml and 0.01% H202 in the presence of nickel ions (16) . Sections were lightly counterstained with methyl green, dehydrated, and permanently mounted. Primary antibodies against CD68 cytoplasmic antigens were detected by using an alkaline phosphatase-anti-alkaline phosphatase technique (4). Sections were incubated for 30 min with a 1:25 dilution of rabbit anti-mouse immunoglobulin antibodies (Dako), washed, and exposed for 30 min to a 1:50 dilution of alkaline phosphatase-anti-alkaline phosphatase complexes (Dako (14) . Briefly, after appropriate linearization of the transcription vectors, 35S-labeled sense and antisense riboprobes were synthesized by in vitro transcription with T3, SP6, or T7 RNA polymerase. The cDNA template was subsequently removed by digestion with RNase-free DNase (Boehringer). To increase accessibility to the cellular target RNA, the labeled RNA probes were subsequently reduced by alkaline hydrolysis to an average size of 50 to 150 nucleotides (5) , and the actual size distribution of the labeled RNA probes was checked on a denaturing 6% polyacrylamide gel. Finally, after two ethanol precipitations in the presence of 50 ,ug of yeast tRNA per labeling reaction mixture, the riboprobes were dissolved in Tris-EDTA solution (10 mM Tris, 0.1 mM EDTA, pH 7.6) containing 10 mM dithiothreitol (DTT) at 2 x 106 cpm/,ul and stored at -80°C until further use. By using this labeling protocol, 70 to 95% of 35S-CTP radionucleotides were routinely incorporated into the riboprobes.
MATERUILS
In situ hybridization procedure. In situ hybridization was performed essentially as described elsewhere (14) . Prefixed specimens were incubated with 1 ,ug of proteinase K (Boehringer) per ml in 100 mM Tris-50 mM EDTA (pH 8.0) for 30 min at 37°C and refixed in 4% paraformaldehyde in PBS for 20 min. After the sections had been rinsed in 0.1 M triethanolamine, pH 8.0, nonspecific sulfur-binding sites on the sections were blocked with 0.25% acetic anhydride in 0.1 M triethanolamine, pH 8.0, for 10 min at room temperature. Subsequent to dehydration through a graded ethanol series and air drying, the sections were overlaid with 20 ,ul of the hybridization solution consisting of 50% formamide, 300 mM NaCl, 20 mM Tris-HCl, 5 mM EDTA, lx Denhardt's solution, 10% dextran sulfate, and 100 mM DTT, as well as the heat-dissolved (80°C for 3 min) riboprobe (final concentration, 2 x 105 cpm/,Ll). The slides were mounted with siliconized coverslips (18 by 18 mm), sealed with rubber cement, and incubated in a moist chamber for 12 to 16 h at 47 to 48°C. The next day, coverslips were removed with rinsing solution (50% formamide, 2x SSC [lx SSC is 0.15 M NaCl plus 0.015 M sodium citrate], 1 mM EDTA, 10 mM DTT). The slides were then rinsed for 30 min at 56°C in rinsing solution and then given two 5-min rinses in 2x SSC-10 mM DTT at room temperature. To remove excess and nonspecifically hybridized probe, specimens were treated with RNase A (20 ,ug/ml) and RNase T1 (1 U/ml) in 2x SSC-1 mM EDTA for 30 min at 37°C. Slides were subsequently rinsed in 2x SSC for 5 min at room temperature. Finally, two high-stringency rinses were performed with a 50% formamide solution containing 2x SSC and 5 mM EDTA for 45 min at 56°C. The specimens were then dehydrated through a graded ethanol series and air dried. For emulsion autoradiography, the slides were dipped in a 1:2 dilution (in 800 mM ammonium acetate) of Kodak NTB-2 autoradiographic emulsion, air dried for 2 h, and exposed in a light-tight box for 2 to 5 weeks at 4°C. The slides were finally developed according to the manufacturer's instructions, counterstained with nuclear fast red (0.05% in 5% aluminum sulfate), and mounted with Entellan (Merck).
Controls. Positive and negative controls were processed along with each hybridization series. Human lymph nodes or surgical specimens from patients with inflammatory bowel disease were used as positive controls. RNA (41) . Given the reported high degree of variability in quantitative assessments of gingival specimens, and the relatively small experimental sample, only a conservative qualitative analysis was performed. The presence and distribution of both immunohistochemical and in situ hybridization signals were qualitatively assessed in adjacent sections. The presence of positive cells in the JE or the PE, the infiltrated connective tissue (ICT), the oral sulcular epithelium (OSE), the oral gingival epithelium (OGE), and the oral connective tissue (OCT) was determined as previously described (22, 46) .
RESULTS
Histologic evaluation of gingival inflammation. Group A biopsies (from clinically healthy subjects) showed, below the JE, a moderate degree of inflammation not extending deeply into the connective tissue (TIS = 0 or 1). Group B biopsies (from subjects with gingivitis) showed a more intense inflammatory infiltrate in the same location as group A biopsies did (TIS = 1). Sections from periodontitis sites (group C) revealed a larger, more organized infiltrate, extending apically along the PE and deeper into the connective tissue (TIS = 2 to 3). Following scaling and root planing (group D), the inflammatory infiltrate showed a distribution similar to that of group C but did not extend deeply into the connective tissue (TIS = 2).
Localization of IL-8 mRNA-positive cells. Specific mRNA was evidenced by in situ hybridization in normal and inflamed human gingiva. Specificity of the hybridization signals was confirmed by comparison with the ones obtained with sense riboprobes which did not reveal cell-associated silver grains above the low background (data not shown). IL-8 mRNA+ cells, identified by the presence of perinuclear silver grain precipitates, were closely associated with the epithelium in all clinical situations.
In clinically healthy tissue (group A), focally distributed IL-8 mRNA+ cells were consistently detected in the coronal third of the JE (Fig. lA1) ; the apparent number of positive cells and the apparent intensity of the hybridization signal increased in an apicocoronal direction and were maximal in the superficial layers. In three of five sections, specific signals were also observed in the portion of the OSE next to the JE (Table 1) . PMNs, characterized as elastase-positive cells, were detected in adjacent sections by immunohistochemistry, within both the JE and its underlying ICT. PMNs were prevalently distributed in the coronal third of the JE (Fig. 1A2 ) and were observed in 60% of the OSE specimens (Table 1) .
In gingivitis specimens (group B), IL-8 mRNA+ cells and PMNs showed similar distributions with respect to healthy tissue (Table 1) . IL-8 mRNA+ cells, however, extended further apically within the superficial layers of the JE. There, PMN distribution paralleled IL-8 mRNA+ cell distribution (Table  1) .
In periodontitis specimens (group C), IL-8 mRNA+ cells (Table 1) . The signal intensity, stronger in the more superficial layers of the epithelium, was focally distributed. A few scattered IL-8 mRNA+ cells were detected in a more apical location along the PE. PMNs were present within the PE and scattered in the subjacent connective tissue, in close proximity with capillary loops. IL-8 mRNA+ cells were also detected in the OSE and OGE (Table 1) ; in both locations, positive cells showed a scattered distribution pattern.
Localization of MCP-1 mRNA+ cells. Specificity of the MCP-1 hybridization signals was confirmed by using sense riboprobes which did not reveal cell-associated silver grains above background level (data not shown). As summarized in Table 2 , MCP-1 mRNA+ cells were consistently present in the OSE and OGE. There, positive cells were located along the basal layer. Within the ICT, MCP-1 mRNA+ cells were scattered in both the peripheral and central parts of the inflammatory infiltrate. MCP-1 expression in the ICT, however, was not detected in all specimens (Table 2) .
In 80% of the specimens from healthy tissue, few MCP-1 mRNA+ cells were present within the ICT ( Fig. MBl; Table 2 ). Scattered positive cells were consistently identified in the basal layers of the OSE and OGE. The level of the signal was generally low but significantly above background. A few CD68+ cells were present in all examined areas, but they seemed to be preferentially located in areas where MCP-1 mRNA+ cells were detected (Fig. 1B2) . Some CD68+ cells were seen at the level of the epithelial basement membrane. A notable discrepancy between MCP-1 expression and macrophage infiltration in the JE was observed: there, macrophages were present but no MCP-1 mRNA signal was detectable.
In gingivitis tissue specimens, scattered MCP-1 mRNA+ cells were consistently identified in the ICT. A stronger signal was observed both within the inflammatory infiltrate and along the basal layer of the OSE, just coronal to the JE (Table 2 ). In this area, an almost continuous basal layer of MCP-1 mRNA+ cells was detected. Isolated positive cells were also detected along the basal layer of the OGE, and, in a few sections, in the OCT. CD68+ cells were distributed throughout the tissue. In the areas with MCP-1 mRNA+ cells, CD68+ cells were preferentially located beneath the basal layers of the epithelium. In some areas, individual CD68+ cells were occasionally observed in a gap of the epithelial basement membrane.
In periodontitis tissue specimens, MCP-1 mRNA+ cells were present along the basal layer of the OSE and in its underlying inflammatory infiltrate (Table 2) . In these areas, CD68+ cells were prominent and were located beneath the MCP-1-positive epithelium. A strong MCP-1 signal was also observed in the OGE, where MCP-1 mRNA+ cells formed a continuous sheath in the basal epithelial layer (Fig. 2B1 and  B2 ). CD68+ cells were closely associated with the MCP-1 signal (Fig. 2B2 through B4) . Some CD68+ cells could be detected at the level of the epithelial basement membrane (Fig. 2B4) . Sporadic MCP-1 mRNA+ cells were observed in Healthy  5  0  100  80  100  100  100  100  100  0  100   Gingivitis  3  0  100  100  100  100  100  100  100  33  100   Periodontitis  5  0  100  40  100  100  100  100  100  60  100  Treated periodontitis  3  33  100  66  100  100  100  100  100  33  100   Total  16  6  100  69  100  100  100  100  100  31 the OCT, preferentially located in the connective tissue rete pegs, in close association with the axial capillary (not shown).
In the treated periodontitis group, the signal associated with MCP-1 mRNA+ cells was expressed at a high level. The signal was most conspicuous in the portion of the OGE away from the tooth surface, where a continuous layer of positive cells marked the contour of the rete ridges. MCP-1 mRNA+ cells were also consistently expressed in the basal layers of the OSE and OGE. In the JE and in the ICT, MCP-1 mRNA+ cells were detectable in 33 and 66% of the examined specimens, respectively ( Table 2 ). The CD68+ cells were again strongly associated with the MCP-1 signal.
DISCUSSION
In 1884, Ilya Metchnikoff discovered the role of phagocytes in microbial immunity and described the importance of phagocyte migration towards infecting microorganisms as a prerequisite for the successful control of pathogens. Since then, a variety of bacterial and host-derived chemotaxins such as C5a, leukotriene B4, and formyl peptides have been identified and functionally characterized. These factors, however, are chemotactic for a broad spectrum of leukocytes. Leukocyte infiltration at inflammatory sites, however, depends on the kind, degree, and timing of tissue injury; thus, the existence of cell-type-specific leukocyte chemotactic factors has been postulated. Recently, a new family of low-molecular-weight cytokines with potent leukocyte chemotactic properties has been discovered by a series of in vitro experiments (26, 27) . These chemokines possess discrete target cell selectivity. IL-8 and MCP-1, in particular, are able to attract neutrophils and monocytes/macrophages, respectively. Neutrophils are the predominating phagocytes in the JE and in the sulcular aspect of the gingiva, while mononuclear phagocytes predominate in the ICT and in the oral aspect of the gingiva (35, 44) . Therefore, we attempted to describe the source of local expression of IL-8 and MCP-1 genes and to preliminarily compare it with the observed patterns of local phagocyte infiltration.
In this study, phagocyte-specific chemokine transcripts were detected in human gingiva by in situ hybridization of specifically constructed riboprobes. The observed signal was highly specific as indicated by (i) the negligible signal obtained with irrelevant control riboprobes, (ii) the perinuclear localization of the signal and the low background, and (iii) the selective topographic localization of the positive cells within each section. So far, we are not aware of reports indicating transcription of these two chemokine genes in the absence of production of the encoded proteins; therefore, the method of in situ hybridization allowed us to directly localize, with a high degree of specificity, potential chemokine-secreting cells.
IL-8 and MCP-1 mRNA+ cells were detected in biopsies obtained from both clinically healthy and diseased subjects. The finding is not unexpected, since a small inflammatory reaction to bacterial plaque is constantly present, even in clinically healthy subjects. This is consistent with the hypothesis that chemokine expression may be important for maintenance of a host-parasite equilibrium in the gingival sulcus.
The data showed that both IL-8 and MCP-1 were expressed in selected tissue locations. In general, the expression related well to the observed pattern of phagocyte infiltration. IL-8 mRNA expression and neutrophil infiltration predominated in the JE and PE, which are adjacent to the infecting plaque microorganisms. MCP-1 mRNA expression and mononuclear phagocyte infiltration were prominent in the ICT and in the oral epithelia. These observations are consistent with the notion that these chemokines are involved in the selective phagocyte infiltration observed in periodontal infections. Such Of particular interest also was the observation that macrophages are consistently present in the JE in the absence of detectable MCP-1 message. This observation clearly indicates that other mediators are also responsible for mononuclear phagocyte infiltration of gingival tissues (see also reference 13).
IL-8 expression is highly enhanced by proinflammatory cytokines, such as IL-1 and TNF-ot, and has been detected under a variety of pathologic conditions such as psoriasis (11, 34) , inflammatory bowel disease (24) , and rheumatoid arthritis (36) . Recent evidence has associated Escherichia coli urinary tract infection with mucosal production of IL-8; the number of urinary neutrophils correlated well with IL-8 levels (1). This evidence seems to implicate IL-8 in tissue defense against gram-negative mucosal infections.
In the periodontium, immunoreactive IL-8 has been demonstrated to be present in the inflammatory exudate flowing into the gingival sulcus (30), while its mRNA has been specifically evidenced in gingival tissue by PCR (45) . The present data indicate that IL-8 mRNA+ cells are selectively located in the JE or PE, in close spatial relationship with subgingival plaque microorganisms. Previous investigations and these data also indicate that PMNs were distributed within the JE in the same polarized pattern as was IL-8 expression (35, 44) . These observations are consistent with the notion that neutrophils sweep the gingival sulcus after migration through the JE (38) and that IL-8 expression might be a major, selective regulatory mechanism.
Several lines of evidence indicate that PMNs play a pivotal role in the maintenance of a host-parasite homeostasis in the periodontium. In fact, (i) PMNs are present in superficial periodontal tissues and have been shown to migrate towards bacterial plaque into the gingival sulcus, (ii) PMN dysfunctions have been associated with severe, early onset forms of periodontitis, and (iii) successful periodontal pathogens possess a variety of virulence factors that can impair neutrophil function (8, 10) . Thus, within the limitations of the small sample size, the observed differences in distributions of IL-8 mRNA+ cells in healthy and diseased gingiva are intriguing. The apical spread of IL-8 mRNA+ cells in gingivitis and periodontitis can be interpreted as an effort to direct PMN migration towards infecting microorganisms that spread apically along the root surface. On the other hand, the presence of the observed uneven expression pattern in the PE in periodontitis might be indicative of a local heterogeneity in the IL-8 gradient. This could possibly disturb the IL-8-driven PMN recruitment to the periodontal pocket and lead to decreased host protection and/or increased tissue damage. Further, extensive investigations are needed to test this hypothesis.
Macrophages, present within normal and clinically inflamed gingiva, are thought to play an important role in antigen presentation and in regulation of the local immune response through the production of various cytokines. Among chemokines, MCP-1 possesses a high degree of specificity for the recruitment and activation of monocytes and macrophages. Its expression has been associated with a variety of pathological conditions characterized by a chronic inflammatory reaction with macrophage infiltration such as atherosclerosis, rheumatoid arthritis, psoriasis, and tuberculosis (7, 12, 48, 52) . Recently, MCP-1 expression has been detected in chronic inflammatory periodontal disease (51) . That investigation described the presence of MCP-1 message and protein associated with vascular endothelium and monocytes/macrophages in the inflammatory infiltrate. Our data, indicating MCP-1 mRNA expression in the inflammatory infiltrate, are in accordance with these observations. In addition, our data demonstrated the presence of MCP-1 mRNA+ cells along the basal layer of the epithelium. Interestingly, both the intensity and the localization of the MCP-1-specific in situ hybridization signal along the basal epithelial layer seemed to increase with the disease stage. A similar expression pattern has also been reported for psoriatic lesions, where MCP-1 expression was maximal in the hyperproliferating basal cells of the tips of the rete ridges (12) . In both psoriatic and periodontal lesions, CD68+ macrophages could be immunolocalized in the infrabasal regions in close proximity with the MCP-1 mRNA-expressing cells. The data presented here also indicate the presence of macrophages in close relationship with the epithelial basement membrane. It may be speculated that the polarized expression of MCP-1 along the basal layer of the gingival epithelium may be an important regulatory mechanism for the recruitment and intraepithelial routing of antigen-presenting cells present in human gingiva (46) . High-level expression of MCP-1 mRNA along the basal layer of the OGE in the diseased groups, however, did not appear to be accompanied by dramatic increases in macrophage infiltration. This observation may be interpreted as an indication of a novel, yet-undescribed, function of MCP-1 and/or of the production of different MCP-1 isoforms with different biological activities (17) .
In summary, our data indicate that chemokine mRNA expression was topographically confined to selected tissue locations. The observed distribution is consistent with the hypothetical establishment of a discrete chemotactic source that is able to (i) efficiently route polymorphonuclear phagocytes towards the infecting plaque bacteria and (ii) modulate mononuclear phagocyte infiltration in the surrounding tissues. This could increase the effectiveness of local host defenses and minimize periodontal tissue destruction.
